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Ba c kg round : Biological pathway-based chemical testing approachEs are central to the National 
Research Council's vision for 21st century toxicity testing. ApproachEs such as high-throughput 
in vitros:reening offerthe potential to evaluate thousands of chemicals faster and cheaper than ever 
before and to reduce testing on laboratory animals. Collaboratives:ientificmgagement is important 
in addressing s:ientifici93ues arising in new federal chemical testing programs and for cdlieving 
stakeholder support of their use. 

oBject ives : We present two recommendations specifically focused on increasing scientific 
engagement in the U.S. Environmental Protection Agency (EPA) ToxCasf'M initiative. Through 
these recommendations we seek to bolster the s:ientificfoundation of federal chemical testing 
efforts such as ToxCasf'M and the public health decisions that rely upon them. 

discussion : Environmental Defense Fund works acra;s dis:iplines and with diverse groups to 
improve the s:ience underlying environmental health decisions. We propose that the U.S. EPA 
can strengthen the s:ientificfoundation of its new chemical testing efforlsand increase support for 
them in thes:ientifiaeearch community l7j a) expanding and diversifyings:ientifidnput into the 
development and application of new chemical testing methods through collaborative workshops, 
and b) seeking out mutually beneficial research partnerships. 

cone tusions: Our recommendations provide concrete actions for the U.S. EPA to increase and 
diversify engagement with thes:ientifiaeearch community in its ToxCasf'M initiative. We believe 
that such engagement will help ensure that new chemical testing data are s:ientificallyrobust and 
that the U.S. EPA gains the support and acceptance needed to sustain new testing effortsto protect 
public health. 
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Introduction 
TherGs a significant led< of tmlth and S3fety 
information on m::st chanicals in tre market­
plcre. The U.S. Environmental Protection 
Ag:;ncy's (EPA) chemical inventory includ:s 
nEErly 85,000 chemicals cwai lcble for t.re in 
tre United StatES (U.S. EPA 2014j), yet only 
a small sub:et of thEre chemicals hcs bEen 
sufficiently charccterized in order to draw 
conclusions cbout the chemicals' toxicity for 
regulatory decision making (Judson et al. 
2009; Landrigan and Goldman 2014). This 
leek of data is l~ly the lffilllt of ina:::lffjuate 
chanica! S3fety ICMS (Denison 2009; Landrigan 
and Goldman 2014)-notably the Toxic 
Sutstana:s Control Act (TSCA), which plco:s 
onerousa::lmi nistrati've and etidentiary burcers 
on go\ernrrent to require chemical tESting­
combined with the rESOurce I1EECis and tirre 
required to evaluate chemicals in traditional 
whole animal studiES [National Re:earch 
Council (NRC) 2007]. Furthermore, regula­
tory or guideline tESt protocols are limited in 
treir cbility to fully e.raluate toxicity at various 
life stcges, examine unique sus::eptibilitiES 
among vulnerable populations, efficient!~ 
mixture>, and provide rra:::hanistic insight into 
chanica! toxicity (NRC 2007; Portier 2009). 

Advances in molecular biology and 
computational ~ience 26 \/'veil 26 gra:rter insight 

into the mechanisms of chemical toxicity, 
disorders, and dis:a::e (Portier 2001) have 
cra:rted tre opportunity to gra:rtly expand the 
number of chemicals evaluated for biological 
effEcts.ThEW.S. EPA, the National Institute 
of Environmental HEEith ~ience; (N IEHS), 
the National Toxicology Program (NTP), 
tre National InstitutES of HEEith (NIH), the 
Food and Drug Administration (FDA), the 
Agency for Toxic Substances and D is:a::e 
Registry (A TSDR), and others ha\e bEen 
working for more than a deca::le to a::lvance 
new chemical tESting approachES that are 
rapid, t.re farver rESOurces and animals, and 
at a minimum retain-but idEEIIy exo:a::l­
the predictive power of current testing 
methods, while also offering the potential 
to gain a::lditional biological insight (Bucher 
2013; U.S. EPA 2014d, 2014g). Key among 
thEre technologiES is high-throughput (HT) 
in vitro tESting, which is dESigned to ~rEen 
thousands of chemicals o\er spans of days 
or VVEeks----a quantum leap over traditional 
animal tESts that can take months or }63rs to 
complete. HT in vitro tESting forrrs the b:sis 
of two major federal chemical tESting efforts, 
the National Center for Computational 
Toxicology (NCCT) ToxCcst™ initiative 
(U.S. EPA 2014d) and the Tox21 partner­
ship between the U.S. EPA, the NIH 
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(N IEHS/NTP and tre National Center for 
Advancing Translational ~ienCES), and the 
FDA (Tire et al. 2013; U.S. EPA 2014e). 
ThESe initiatives have generated data on 
th0US311ds of chanicals using an array of reN 

cs:ays ccrcss multiple in vitro tESting platforrrs 
(Ticeet al. 2013; U.S. EPA 2014d, 2014h). 
Using computational tools, res:arch group:; 
are alrEEdy beginning to ure thEre data to 
charccterize chemical hazard and risk (e.g., 
Sedykh et al. 2011; Sirenko et al. 2014; 
Wetmore et al. 2013 ). Gi'ven the dEErth of 
toxicity information on chemicals, HT 
rrethods hold gra:rt potential to fill data gap:; 
and expand our understanding of the potential 
tmlth and environmental effEc1sof chanicals. 
Importantly, ho\1\e/er, tmlth-protECti'veappli­
cation of thEre rrethods ultimately depends 
on the ~ientific integrity of the a:says, the 
~ientifically round interpretation of the data 
errerging from them, and the transp:uency of 
the entire prCJCE:E. 

In 2004 the NTP published a reminal 
vision and roadmap in recognition and 
anticipation of this emerging revolution 
in chemical testing (NTP 2004a, 2004b). 
Building on this foundation, the NRC 
pub I ished a report that out I i ned and EStcb­
lished support for a gra::lual paradigm shift 
in toxicity testing (NRC 2007). A central 
fEEture of thEre publications is a reduction 
in traditional toxicity testing approaches 
that rely on whole animals to exani ne apical 
end points (e.g., mortality, tumors, reproduc­
ti've and de.teloprrental effEcts )and a shift to 
more predicti've approcdlES using a:says that 
11"'fESUre perturootionsof biological pathways. 
From rrethod de.teloprrent and validation to 
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implerrentation and institutional transitions, 
actualizing this shift is unquestioncbly chal­
lenging, especially within the confines of 
limited resourres. Appreciating the signifi­
canCE of this undertaking, both the NTP 
and the NRC emphasized the important 
role of the broader scientificcommunity in 
developing ne.N testing strategies. IndEed, the 
NRC report (NRC 2007) stated that 

[a]cceptance of the committee's vision in the 
s::ientifiooommunity will require further elabora­
tion of the technical details of its implementa­
tion and generation of new s::ientificevidence to 
support the move away from apical end points 
to perturbations of toxicity pathways. Theroad 
participation of the s::ientifiooommunity in the 
elaboration of the committee's vision for toxicity 
testing ise:rential for itssua:e:s. 

The ultimate objective of any improve­
trent in toxicity testing is the protection of 
public hEEith and the environment. Broadly 
sp:aking, there are thrre basic g::als that must 
be achie.ted if a ne.N chemical testing pared igm 
is to be reali2ECI: a) cleJeloptrent of a scien­
tificfoundation that supports understanding 
of the genesis and progrffi>ion of environ­
trentally influenCEd dis:?CEe; b) ceveloprrent 
and scientific acceptanCE of a testing and 
analysis paradigm built on this foundation; 
and c) policies that encou~ the u:::e of this 
ne.N knowledge to redureexposure:;to harmful 
chemicals in the environment. Such an 
outcorrecan errergeonly if a diverregroup of 
stakeholders is involved at all steps of a flexible 
prcx::e:E that festers incorporation of aclvanres 
in scientific knowledge and technology. 

In recent years, Environtrental Deferre 
Fund (EDF) has brought togetrerstakeholders 
from government, academia, the pub I ic 
interest community, and industry to discuss 
perspectives on ne.N federal chemical testing 
prograrrs. We believe that stakEholder~ 
trent, especially from the scientific res:arch 
community, is needed for sucress in the 
de.eloprrent, scientificax:eptanre, and appl i -
cation of a ne.N chemical testing paradigm. 
In addition to activities we have initiated, 
EDF is an active participant in tre U.S. EPA's 
Communities of PractiCE, ToxCasfMstake­
holder rn:eting:;, as well as other conve!S31:ions 
around ne.N chemical-testing efforts. Building 
on our experienCE, here we present two 
specific,actioncble recomtrendations fOCLred 
on incra:si ng eng:g:rrent of tre broader scien­
tific res:arch community in tre U.S. EPA's 
ToxCasfMinitiative. 

Our first recomtrendation is to expand 
thescientifi<ronve!S31:ion around-and input 
into-the U.S. EPA's ToxCast™ initiative 
through a reries of collaborative workshops. 
Our recond recomtrendation is to expand 
collaborations between the U.S. EPA's 
ToxCasfMinitiativeand the res:arch commu­
nity through mutually beneficial rerearch 
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p:~rtnerships. EDF appreciates tre challenges 
that regulatory~nciessuch as the U.S. EPA 
fa:e in rllffitingstatutoryobligationstoensure 
cremical s:~fety, given tre insufficientnfor -
mation atailableand tre p:~ucity of reooura:s 
to fill data gaps. Our intent here is not to 
complicate thee re:;ponsibilitiesbut ratrer to 
bolster treability of tre U.S. EPA to u:::e data 
errerging from Toxeastr~ Tox21, and similar 
initiatives. We believe that theemodeststeps 
to more actively en~ the broader scientific 
res:archcommunity, taken now, will facilitate 
incorporation of tre best atailablescientific 
understanding of biological systems into the 
developrrent and application of errergi ng H T 
trethods. Thisn turn, should lead to broader 
support and acceptanCE for applying trem 
in regulatory cremical testing prograrrsand 
related decision making. 

Our recommendations for near-term 
U.S. EPA engagement with the scientific 
research community go beyond engage­
trent with the traditional stakeholders with 
an interest in regulatory chemical testing 
to include those researchers within the 
environtrental health scienres (EHS) field 
who have drep understanding of the basic 
mechanisms by which environtrental ~nts 
can affectnormal biological function. From 
our experienCE, trere is low engagerrent of 
the EHS community with ToxCast™and 
the corresponding data now available. We 
belie.te that tre U.S. EPA must e~ EHS 
res:arcrers more directly to help strengthen 
the foundation of its chemical testing 
efforts.Active engagerrent should entai I the 
U.S. EPA connecting with EHS res:archers 
in their own settings, for example, by the 
U.S. EPA participating in the conferenres 
of medical and dis:xre-fOCLred profffi>ional 
societies. We anticipate that by tre U.S. EPA 
working directly with EHS res:arcrers, over 
titre interest and collaboration would expand 
to new researchers focured on elucidating 
the etiology and pathogenesis of disorders 
and diSXEES, including there who have not 
conventionally examined environmental 
contributions. Thisridging approach would 
provide tre U.S. EPA with a practical path 
forward for incra:sing tre diversity of scien­
tificinput into tre ToxCasfM initiative while 
affording opportunities for the agency to 
share its perspectives, constraints, and regu­
latory demands with the scientific research 
community. This collaborative engagerrent 
will help grow the broad, diverse base of 
scientificsupport that will be nEeded to fully 
realize tre p:~radigm shift in toxicity testing. 

Discussion 
We q:Jrre with tre NRC's view that "toxicity 
testing is u:::eful ultimately only if it can be 
ured to facilitate more informed and efficient 
responses to the public hEEith conCErns of 

regulators, industry, and the public" (NRC 
2007). Thlixus of tre U.S. EPA's res:arch 
efforts on application, as oppored to more 
basic res:arch, reflectstre practical considera -
tions arising from the U.S. EPA's statutory 
mandates, guidanre de.eloprrent, and related 
decision-making needs. Yet whether data 
are ured to evaluate ne.N or existing environ­
trental ~ts, contaminated sites, or potential 
environtrental contributors to dis:?CEe, or to 
compare relative risks (NRC 2007), acrep­
tanCE of the scientific foundation for all of 
thee effortsremains critical and is strength­
ened by a robust en~nt of tre broader 
scientific community. 

Integrating ne.N testing approaches into 
environmental health ax:essments prerents 
challenges, including grappling with new 
data types, standardizing trethods, validating 
predictions, and addressing unCErtainty. 
Acreptanre of any ne.N testing p:~radigm will 
require that stakeholders and tre I~ public 
are confidentthat decisions, e.ten in situations 
of incomplete information or unrertainty, are 
ba::ecl on the best atailable scientific under­
standing and are transparent (NRC 2008). 
To addre:Esuch challenges, one of tre NRC's 
five main recomtrendations for sucressful 
cm:s:rrents and decisions wcs that there iffil.ES 
with "sui:Etantial scientificrontent should be 
supported with collaborative, broadly ba::ecl, 
integrated, and iterative analytic-deliberative 
proresses" (NRC 2008). Gleaned from 
empirical research, these recomtrendations 
reflect decades of valuable experienCE inte­
grating science and decision making that 
should beapplied totre U.S. EPA'sToxCasfM 
initiative. To ensure that chemical testing 
CSS3ysand prediction models are recogni2ECI 
as scientificallyrigorous and robust, there with 
expertise relevant to the developtrent and 
interpretation of there appra:ches na:d to be 
included in the prcx::e:E. Festering collabora­
tive engagerrent wi II eng:mder advanrerrent 
of our understanding of chemical effects 
through scientificdiscovery, innovation, and 
cap:city building. 

Recommendation 1. Collaborative 
worksl!op;: expand the convetsation and 
increase the divetsity of s:ientific input. 
Our first recomtrendation for broadening 
engagement in the U.S. EPA's ToxCast™ 
initiative is to initiate a reries of workshops 
that e~agmcy and outside res:archers in 
collaborative inquiry and problem solving in 
a more explicit and substantive way than has 
occurred to date. For example, a workshop 
could a) broadly examine currently under­
stood biological mechanisms underlying the 
etiology and pathogenesis of a particular 
disorder or dis:?CEe (e.g., asthma, Parkinson's, 
thyroid toxicity); b) evaluate known environ­
trental contributors to the particular dirorder 
or dis:?CEe in light of these mechanisms; and 
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c) a:a:ss data from the current ToxCa5fMand 
Tox21 tESting batteriESand prediction models 
in relationship to thEre rrechanisticand envi­
ronmental insights. 

The 2011 NTP workshop "Role of 
Environmental Chemicals in DiabetES and 
Obesity" serve; as a useful model for the 
development of this type of workshop (Thay€1" 
et al. 2012). T~urpcre of the workshop wa:; 
to review the state of the science regarding 
the contribution of certain chemical expo­
sure:; to diabetES and obESity 26 p:~rt of a lar~ 
effort to develop a re:earch agenda on this 
issue. Scientific experts acrcss diverre fields 
were asked to critically examine pertinent 
human and experimental animal literature 
and provide an ~t of the strength and 
biological plausibility of findings, the most 
useful and relevant experimental models, 
and data gars for future rEEEErch. Data from 
T oxeastrMwere shared with p:~rticipants to aid 
in e.raluation of biological plausibility, identify 
chemicals that interact with rele.rant rrecha­
nistic targets but have not yet bEen studied 
for effectsrelated to diabetES and obESity, and 
recommend additional mechanistic targets 
for inclusion in the HT tESting battery. The 
highly interactive, collaborative format of 
the workshop afforded an opportunity for 
the NTP to explain ToxCa5fMto rEEEErchers 
and to receive real-time expert analysis and 
feedback on the T oxCast™ data. After the 
m:eting, the NTP worked with selEct partici­
pants to use T oxCa5fMdata to identify chemi­
cals of intere:;t for further e.raluation in their 
own laboratories, yielding another valuable 
review of the HT data for the~. 

A 2007 workshop, "Moving Upstream: A 
Workshop on Evaluating Adverre Upstream 
Endpoints for Improved Decision Making 
and Risk ~nt," brought together 
academic and government scientists to review 
relationships between chemical exposurES, 
EErly biological effects,and later overt effects 
(Woodrufut al. 2008). Using thrre prep3red 
case studiES on thyroid hormone disruption, 
antiandrogen effects, and immune system 
disruption, participants examined what is 
known in each case about precursor effects, 
their relationship to downstream effects, 
challenges to the use of precursor effectsin 
risk cm:s=;rrent, and what additional data are 
needed to better understand thEre relation­
ships (Parham et al. 2012; Wise et al. 2012; 
Woodruff et al. 2008). The U.S. EPA's 
ToxCcsfMinitiativewa:; in its infancy at the 
time of that m:eting. It would be worthwhile 
to hold a similar workshop now and include 
an e.raluation of T oxCcsfMand T ox21 data 26 
part of the agenda. 

Like the meetings described here, the 
workshops we envision would provide a 
mechanism for scientific input into the 
U.S. EPA's ToxC26t™ initiative through 

collaboration between external re::earchers 
and agency scientists. Such a rrechanism do:s 
not currently exist and is needed to ensure 
that development of new regulatory tESting 
efforts move forward in a way that receives 
broad scientific support and a::reptance. 

Fkanrrmdation 2. Creative oollabo~ 
tions: S£k out mutually beneficial re:eatd! 
partnershirs Currently, the U.S. EPA's 
ToxCa5fM initiative works with other federal 
and state agenciES, industry and trade csso­
ciations, universities, and other re::earch 
and nongovernmental organizations. These 
relationships are formalized through memo­
randa of understanding, material transfer 
~rrements, cooperative res:arch and develop­
ment ~rrements, and through rEEEErch grants 
(U.S. EPA2014b).Since2004, the U.S. EPA 
has awarded > $40 million in extramural 
re::earch funding related to computational 
toxicology 26 part of its Science to Achieve 
Results (STAR) grant program (U.S. EPA 
2012, 2014c, 2014f). ThtW.S. EPA h26also 
recently launched crowd-rourcing challenges 
that focus on the development of algorithms 
to predict toxicological end points using 
ToxCast™ data (U.S. EPA 2014h). The 
U.S. EPA hosts m:etings and other forums 
to showcase advancements in their program 
[e.g., U.S. EPA's CommunitiES of Practice, 
(U.S. EPA 2014a); ToxCcsfM Data Analysis 
Summit (U.S. EPA 2014i)]. Although thEre 
efforts:~re valuable, they are limited in their 
ability to reach EHSand other investigators 
with the knowledge and expertise needed 
to expand and strengthen the underlying 
scientific foundation of ToxCast™and to 
foster substantive, scientificdiscussions with 
U.S. EPA scientists to address critical scien­
tific issues at hand. Different collaborative 
partnerships are needed to attract and facili­
tate discussions betvveen agency and outside 
rEEEErchers. 

A key challenge is findingways to solicit 
expertise from the EHS res:arch community 
in a manner that is beneficial both to the 
U.S. EPA and to external re::earchers. We 
recommend that the U.S. EPA work with the 
N IEHSand other federal agenciES to EStablish 
and incentivi:ze mutually beneficialres:arch 
partnerships with the EHS res:arch commu­
nity. For example, small add-on grants to 
re::earchers already funded by the N IEHS 
and others would immediately brcaden the 
re:earch base for the U.S. EPA's T oxCast™ 
initiative and expose more scientists to 
the scientific challenges involved. In turn, 
re:earchers could identify opportunitiES for 
improvement, such 26 adding new biological 
targets to the ToxCast™ testing battery, 
eliminating underperforming CSS3ys, and 
modifying toxicity prediction models built 
using T oxCa5fM data. ThtW .S. EPA appEEIS 
intere:;ted and open to this type of input. The 

8wironmental Health Perspectives volume 1231 number 11 January 2015 

U.S. EPA will need to put mechanisms in 
place to communicate, evaluate, and inte­
grate new scientific findings into its tESting 
programs. Two current collaborations reflect 
the type of res:arch partnerships we envision. 

Investigating potential environmental 
chemical contributors to very early onset 
inflallilato~ di!:&m in children using 
ToxCasfMand Tox21 HT in vitro data. In 
2012, Harvard clinicians and researchers 
partnered with U.S. EPA scientists to explore 
potential environmental contributors to 
very EErly onset inflammatorybowel dis:a::e 
(VEO-IBD) in children. Theverall program 
led by Scott Snapper (Children's Hospital, 
Harvard Medical School) and titled "Very 
Early Onset Inflammatory Bowel Dis:a::e" 
encompa;ses three projects. One of these 
foct.EES on identifying environmental factors 
affectingVEO -IBD path~isand is co-led 
by Russ Hauser (Harvard School of Public 
HEEith) and Francisco Quintana and Joshua 
Kor:zenik (both of Brigham and Women's 
Hospital and Harvard Medical School). The 
propo53l to use ToxCasfMdata in Hauser's 
ongoing I BD res:arch wa:; submitted to and 
funded by the Helrnsley Foundation via 
Harvard University's Catai}Gt program and the 
Harvard lnstituteofTranslationallmmunolcgy 
(Hauser R, personal communication). 

Harvard IBD experts reviarved the list of 
biological targets repreented in the T oxCa5fM 
battery of 2SXl'y'S to identify those Cf£a:!S with 
grEEtest potential relevance to VEO-IBD. 
Of the approximately 500 CSS3ys reviewed, 
about two d02en Cf£a:!S were selected 26 high 
priority. It is important to note that not all of 
the Harvard res:archers' biological targets of 
intere:;t were repreented in the atailable HT 
CSXI'y'S. U.S. EPA scientists sub=a:juently devel­
oped an activity hEEt map of almost 1 ,000 
tESted substanCES (e.g., industrial chemicals, 
dietary compounds, pharmaceuticals) acrcss 
the high-priority CSXI'y'S. T~arvard group 
identified approximately 40 substanCES of 
greatESt intere:;t using the hEEt map analysis. 
ThE:l:SO substanCES will be tESted in 2Ebrafish 
models of colitis in Quintana's laboratory to 
further investigate the potential relationship 
between chemical exposure and EErly-onset 
I BD. The:sults of thEre 2EbrafishstudiES wi II 
be complemented with analyse; performed 
on human immune cells in vitroand used 
to prioriti:ze substanCES for potential future 
human epidemiological studies (Hauser R, 
perronal communication). 

Thioollaboration is of considerable value 
to the U.S. EPA and Harvard University 
scientistsand clinicians. The:s:Erch partner -
ship will provide the U.S. EPA with expert 
analysis of the relevance of the biological 
targets represented in ToxC26t™CSS3ys to 
VEO-IBD, 26 well 26 insight into additional 
VE0-1 BD targets miffii ng from the T oxCa5fM 
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initiati've. Planned res:arch from higher-order 
tESting in zebrafish and human studiES will 
provide additional information on the rele­
vance of the ToxCa5fMcs:ays. Theollctlora -
tion has EStablished new relationships and 
broadened the scientific networks of both 
U.S. EPA and basic re::earch scientists. For 
the Harvard i n\€Stigators, the effortsupports 
ongoing res:arch and offersthe potential for 
breakthroughs in understanding environ­
mental contributors to VEO-IBD. It also 
enables res:archers and clinicians with little 
or no experience with environmental risk 
fcctors to inte~t with ~ncy scientists and 
breeden the scope of their work. Importantly, 
it providES a model-in line with the NTP's 
and NRC's visions-for using predictive 
toxicological modeling to invEStigate the 
potential role of environmental chemicals in 
the etiology of complex dis:axs. 

Chemicals and Brm;t Cancer: Building 
on National Initiatives for Chemical Safety 
Screening. Another notable res:arch project, 
Chemicals and Brecst Cancer: Building on 
National InitiativES for Chemical Safety 
Scrrening, focus:s on the development of 
rapid in vitro scrrens for brecst carcin~ns 
in mammary cells [California Brecst Cancer 
Re:earch Program (CBCRP) 2014]. This 
re:earch project, funded by the CBCRP 
Special Re:earch Initiatives (SRI), is led by 
Chris Vulpe at the University of California, 
Berkeley, and includES as partners the 
Lawrence Berkeley National Laboratory 
and the Silent Spring Institute, a nonprofit 
scientificres:arch center that studiES environ­
mental influenres on women's health. The 
goal of the project is to identify ToxCcst™ 
and Tox21 HT C'f'f!a:JS that can discriminate 
among thrre typES of chemicals: rodent 
mammary gland carcinogens, chemicals 
that alter mammary gland de'velopment in 
rodents, and chemicals that did not induce 
tumors in NTP rodent bioassays. The 
re:earch team drew upon the expertire of 
brecst cancer biologists and consulted with 
the U.S. EPA to identify the essays most 
rele.ent to bra:st carcin~is on the bcsis 
of their predictive poV'ver for de\elopmental 
and reproductive toxicity and endocrine 
activity. T~lect cs:ays wi II re transferred 
into bra:st cell I i nES and more complex bra:st 
cell models for tESting of> 100 chemicals. 
In addition, the SRI res:arch group is de\el­
oping cs:ays to rra:sureexpres:;ion of certain 
brecst cancer-related genES, reN end points 
not currentlye.eluated by ToxCcsF~ 

Like the Harvard IBD collctloration, this 
project us:s reN experimental and compu­
tational tools to examine potential chemical 
contributors to dis:a::e and providES mutual 
renefits for both the extramural res:archers 
and federal ~nciES. ThEW.S. EPA and the 
NTP/N IEHS are providing SRI res:archers 
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with tESt sui:Etano:s, a::x:eE to and guidance on 
the interpretation of the T oxCcsfl"Mand T ox21 
data, and advice on experimental dESign. In 
turn, the SRI re::earchers are providing the 
U.S. EPA and other federal partners addi­
tional re.tiew of relected cs:ays and input on 
reN C'f'f!a:JS I1Eeded to cover biological space 
not yet repre::ented in the current ToxCa5fM 
and Tox21 C'f'f!a:JS. As a result of this work, 
the SRI partners ha\e already identifiedara:s 
for future investigation (Rudel R, personal 
communication). 

Opportunities for expanding engage­
ment. From the EDF's perspective, the two 
res:arch projects cle:cribed above are models 
for increasing the contributions of the 
larger scientific re::earch community to the 
U.S. EPA's ToxCcsfM initiative. leverqJing 
existing resources, there partnerships 
enable reN linES of scientific inquiry while 
strengthening the scientific bcsis of both 
ToxCcst™and Tox21. Shared perspectives, 
new knowledge, and greater understanding 
are the result. Although the partnerships we 
dEScribed here are to some degrEe the result 
of rerendipity, we encourage the U.S. EPA 
to more proactively s:ek out there typES of 
opportunitiES. Specifically, the U.S. EPA 
should consider 
• Identifying existing U.S. EPA grant recipi­
entswho would likely re interested in using 
ToxCa5fMor Tox21 data or initiating reN 

projects in thisarEE 
• Pre:enting at scientificprofEssional society 

l'l""'fEting:; beyond there that are specifically 
focured on toxicology (e.g., Endocrine 
Society, Society for Neura:cience, American 
Col~ of Epideniology) 

•Initiating conversations with NIEHS­
funded extramural res:archers and res:arch 
centers (e.g., N IEHS Centers for Children's 
Environmental Health and Direase 
Prevention RESearch) to explore how 
ToxCa5fMand Tox21 datacould reured in 
their in\€Stigations. 

Conclusions 
Decisions regarding environmental health 
risks include both science and broader public 
discourse on that science. Although public 
discourse can be acrimonious at timES, 
successful dialogue and decision making 
are improved only with broad scientific 
engagement. There are real benefits and 
opportunitiES for both federal agenciES and 
the broader scientific re::earch community 
to collaborate in the EStablishment of a 
robust scientificfoundation for 21st century 
chemical tESting. Collctlorati'vee~nt is 
important to ensure that di'verse, and in some 
a:s:s no'vel, scientificknONiedgeand perspec­
tivES are considered in the development of 
reN chemical tESting approachES. lnc:IEEd, the 
'very foundation of the vision for 21st century 

chemical tESting originatES from bcsic res:arch 
that investigatES and cha~teriZES biological 
mechanisms underlying various health 
disorders and direcsES. Application of this 
S3lTe biological understanding hcs resulted in 
major drug discoveries and improvements in 
health, and it can and should similarly form 
the backbone of health-protective, cutting­
edge chemical tESting efforts, particularly 
given the anticipated incra:sing role that thEre 
new approachES will play in public health 
decision making. 

We relieve that the bESt way to ensure 
that the most current scientificunderstanding 
is incorporated into chemical tESting frame­
works, tools, and prediction models is to 
engage re::earch scientists in their de'velop­
ment, review, and application. Although 
this notion is perhaps obvious, its execution 
wi II take considerable effort and creative 
approachES. Such substantive scientific 
engagement will also re critical for recuring 
public acceptance of regulatory activi­
tiES that rely on reN chemical tESting data. 
Determining how bESt to effectively and 
productively involve the scientific re::earch 
community wi II re an iterative prOC!:$. EDF 
looks forward to helping cataly;re and support 
this effort through its role cs a public and 
scientificstake holder committed to protecting 
human and environmental health from 
harmful chemical exposures. 

RefeRences 

Bucher JR. 2013. Regulatory forum opinion piece: 
Tox21 and toxicologic pathology. Toxicol Pathol 
41 :125-127. 

CBCRP (California Breast Cancer Research Program). 
2014. Building on National Initiatives for New 
Chemicals Screening. Available: http://cbcrp. 
o rg .184.seekdotnet. com/research/PageGrant. 
asp?grant_id=13ffi4 [accessed 10 December 2014]. 

Denison R. 2009. Ten essential elements in TSCA 
reform. Environ Law Rep 39:10020-10028. Available: 
http :1 /www. edf. o rg/si tes/ defau ltlfi I es/9279 _ 
Den ison_10_Eiements_ TSCA_Reform_O. pdf 
[accessed 3 December 2014]. 

Judson R. Richard A, Dix DJ, Houck K, Martin M, 
Kavlock R, et al. 2009. The toxicity landscape for 
environmental chemicals. Environ Health Perspect 
117:685--695; doi:10.1289/ehp.0800168. 

Landrigan PJ, Goldman LR. 2014. Chemical safety, 
health care costs and the Affordable Care Act. 
Am J lnd Med 57:1-3. 

NRC (National Research Council). 2007. Toxicity 
Testing in the 21st Century: A Vision and a 
Strategy. Washington, DC:National Academies 
Press. Available: http://www.nap.edu/openbook. 
php?record_id=11970 [accessed 3 December 2014]. 

NRC (National Research Council). 2008. Public 
Participation in Environmental Assessment 
and Decision Making (Dietz T, Stern PC, eds). 
Washington, DC:National Academies Press. 
Avai I able: http:! /www.nap.edu/openbook. 
php?record_id=12434 [accessed 3 December 2014]. 

NTP (National Toxicology Program). 2CXl4a. A National 
Toxicology Program for the 21st Century: A 
Roadmap for the Future. Research Triangle Park, 

vo lume1231 number 11January 2015 • 8wironmental Health Perspectives 

ED_001449_00000216 



Strengthening engagement in chemical testing 

NC:NTP/National Institute of Environmental 
Health Sciences. Available: http://ntp.niehs.nih. 
gov/ntp/about_ntp/ntpvision/ntproadmap_508.pdf 
[accessed 3 December 2014]. 

NTP (National Toxicology Program). 2004b. Toxicology 
in the 21st Century: The Role of the National 
Toxicology Program. Research Triangle Park. 
NC:NTP/Nationallnstitute of Environmental Health 
Sciences. Available: http://ntp.niehs.nih.gov/ntp/ 
main_pages/ntpvision.pdf[accessed 3 December 
2014]. 

Parham F. Wise A. Axelrad DA, Guyton KZ, Portier C, 
Zeise L, et al. 2012. Adverse effects in risk 
assessment: modeling polychlorinated biphenyls 
and thyroid hormone disruption outcomes in 
animals and humans. Environ Res 116:74-84. 

Portier C. 2001. Chipping away at environmental health 
risk assessment. Risk Policy Rep 8:37-38. 

Portier C. 2009. Toxicological decision-making on 
hazards and risks-status quo and way forward: 4.1 
current concepts and schemes of science-driven 
toxicological decision-making-an overview. Hum 
Exp Toxicol28:123-125. 

Sedykh A, Zhu H, Tang H, Zhang L, Richard A, 
Rusyn I, et al. 2011. Use of in vitro HTS-derived 
concentration-response data as biological 
descriptors improves the accuracy of QSAR 
models of in vivo toxicity. Environ Health Perspect 
119:364--370; doi:10.1289/ehp.1002476. 

Sirenko 0, Hesley J, Rusyn I, Cromwell EF. 2014. High­
content assays for hepatotoxicity using induced 
pluripotent stem cell-derived cells. Assay Drug 
DevTechnol12:43-54. 

Thayer KA, Heindel JJ, Bucher JR, Gallo MA. 2012. 
Role of environmental chemicals in diabetes and 
obesity: a National Toxicology Program workshop 
review. Environ Health Perspect 120:779-789; 
doi:10.1289/ehp.1104597. 

Tice RR, Austin OP, Kavlock RJ, Bucher JR. 2013. 

Improving the human hazard characterization of 
chemicals: a Tox21 update. Environ Health Perspect 
121 :7'33--7fl5; doi:10.1289/ehp.1205784. 

U.S. EPA (U.S. Environmental Protection Agency). 
2012. EPA Awards Almost $11 Million to Advance 
Chemical Safety Research [News Release]. 
Available: http://yosemite.epa.gov/opa/admpress. 
nsf/e51 aa292bac25b0b85257359003d925f/e8758 
b7bd3c66d4885257a7800545bbd!OpenDocument 
[accessed 3 December 2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 
2014a. Communities of Practice. Available: http:!/ 
www.epa.gov/ncctlcommunities_of_practice.html 
[accessed 3 March 2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 
2014b. Chemical Safety Research Partnerships. 
Available: http://www.epa.gov/ncctlpartners.html 
[accessed 30 September 2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 2014c. 
EPA Awards More Than $3 Million to Researchers 
Studying How Chemical Exposures May Impact 
Brain Development [News Release]. Available: 
http://yosemite.epa.gov/opa/admpress.nsf/0/5A 
399B72E128AFE485257C7D005E8582 [accessed 
3 December 2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 
2014d. EPA's ToxCast™ Research Program. 
Available: http://www.epa.gov/pesticides!science/ 
toxcast-research.html [accessed 30 September 
2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 
2014e. Memorandum of Understanding on High 
Throughput Screening, Toxicity Pathway Profiling, 
and Biological Interpretation ofRndings. Available: 
http://epa.gov/ncctldownload_files/tox21/MOU_ 
EPA-NTP-NCGC-FDA-Without-Signature-Page.pdf 
[accessed 30 September 2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 
2014f. Research Project Search. [Research 

8wironmental Health Perspectives volume 1231 number 11 January 2015 

Category: "Computational Toxicology."] Available: 
http:!/ cfpub. epa .gov/nce r _abstracts/index. 
cfm/fuseaction/search. welcome [accessed 
30 September 2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 
2014g. Tox21. Available: http://www.epa.gov/ncctl 
Tox21/ [accessed 30September 2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 
2014h. ToxCast™ Chemical Data Challenges and 
Release. Available: http://www.epa.gov/ncctl 
challenges.html [accessed 30 September 2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 
2014i. ToxCast™ Data Analysis Summit. Available: 
http://www.epa.gov/ncct/toxcastlsummit.html 
[accessed 30September 2014]. 

U.S. EPA (U.S. Environmental Protection Agency). 
2014j. TSCA Chemical Substance Inventory. Basic 
Information. Available: http://www.epa.gov/oppt/ 
existingchemicals/pubs/tscainventory/basic.html 
[accessed 30September 2014]. 

Wetmore BA, Wambaugh JF, Ferguson SS, Li L, 
Clewell HJ Ill, Judson RS, et al. 2013. Relative 
impact of incorporating pharmacokinetics on 
predicting in vivo hazard and mode of action from 
high-throughputin vitro toxicity assays. Toxicol 
Sci 132:327-346. 

Wise A, Parham F, Axelrad DA, Guyton KZ, Portier C, 
Zeise L, et al. 2012. Upstream adverse effects 
in risk assessment: a model of polychlorinated 
biphenyls, thyroid hormone disruption and 
neurological outcomes in humans. Environ Res 
117:90-99. 

WoodruffT J, Zeise L, Axelrad DA, Guyton KZ, JanssenS, 
Miller M, et al. 2008. Meeting report: Moving 
upstream--evaluating adverse upstream end points 
for improved risk assessment and decision-making. 
Environ Health Perspect 116:1568-1575; doi:10.1289/ 
ehp.11516. 

5 

ED_001449_00000216 


